This study aimed to report a unique case of primary adrenal insufficiency that was accompanied by painful gynecomastia, which was resolved by treatment with prednisone. Enlargement of the left breast with continuous weakness and generalized nausea in a male was discovered 3 months before admission. Magnetic resonance imaging of the brain was normal 1 month before presentation. A physical examination revealed that the diameter of the left breast was 5 cm and the height was 3 cm. Laboratory investigations revealed hyponatremia, with a low serum cortisol level and an elevated prolactin level. Hyperprolactinemia was suspected because of adrenal deficiency that was directly or indirectly associated with increased prolactin levels. Thus, a diagnosis of hyperprolactinemia was confirmed. Ultrasonography of the left breast showed glandular tissue hyperplasia. In the present study, treating adrenal insufficiency with prednisone relieved both gynecomastia and hyponatremia. However, gynecomastia regression and hyponatremia resolution were observed when prednisone was stopped. Gynecomastia completely resolved by re-administering prednisone. Therefore, treating the underlying disease is essential so that prednisone can be given in a timely manner.
Introduction
Gynecomastia is one of the rarest symptoms in adrenal insufficiency. 1 This study reports the case of a patient with painful gynecomastia resulting from primary adrenal insufficiency. The patient was treated with prednisone, resulting in symptom resolution. However, prednisone is theoretically known to cause gynecomastia. 2 Clinically, reports of painful gynecomastia being resolved with prednisone treatment are lacking, and this study may change the routine clinical practice in a meaningful way.
Case report
A 69-year-old male Chinese patient sought medical help for left breast fullness and ongoing malaise. His illness began 3 months before admission, with progressive unilateral breast enlargement that was accompanied by spontaneous pain. The patient complained of increasing weakness, nausea, and decreased appetite. After 2 months, he was diagnosed with hyponatremia. The serum sodium level was 122 (normal range [NR] , 135-145) mmol/L. A brain MRI showed normal results ( Figure 1 ). He was then treated with a sodium supplement. However, the symptoms did not improve. His medical history revealed that he had been infected with pulmonary tuberculosis 30 years ago, which had completely resolved at that time. He denied a history of hypertension, diabetes mellitus, nephropathy, cardiac dysrhythmia, or any familial diseases. The patient did not smoke tobacco, drink alcohol, or take any other medications recently. On examination, he was thin, with slightly low blood pressure. His skin, including the face, hands, palm lines, areola, foot back, and belt, appeared hyperpigmented. Additionally, the left breast was 5 cm in diameter and 3 cm in height. It was painful upon palpation, with an elastic consistency, and was nonadherent to the superficial and deep layers. No nipple retraction, skin dimpling, nipple discharge, or bleeding occurred. No alterations were found in the right breast. An examination of the patient's body systems showed normal secondary sex characteristics and external genitalia. Abdominal, neurologic, and thyroid examinations yielded normal findings.
Initial laboratory tests revealed the following: serum sodium, 128. hormonal investigations found a relatively low morning cortisol level of 27.6 (NR, 138-690) nmol/L (Table 1) . In a work-up for gynecomastia at this point, the plasma prolactin level was high at 661.06 (NR, 54-340) lIU/mL. Adrenocorticotropic hormone (ACTH) and aldosterone (ALD) levels were normal (Table 1) , and routine test results for liver, renal, thyroid, and immunologic function were within normal limits.
Ultrasonography of the left breast showed glandular tissue hyperplasia ( Figure 2) . A positron emission tomography-computed tomography scan of the chest revealed a 1.8 Â 1.6 cm 2 mass in the right lung, which showed fluorodeoxyglucose uptake with a standard uptake value maximum of 5.0. This, along with biopsy test results, suggested obsolete pulmonary tuberculosis ( Figure 3 ). Based on the presence of gynecomastia with persistent hyponatremia, normal intracranial MRI, and a low serum cortisol level, he was diagnosed with primary adrenal insufficiency. Prednisone (7.5 mg once daily) was added to his medication. The pain in his breast then rapidly disappeared and gynecomastia slowly decreased. After treatment with prednisone, the serum cortisol and blood sodium levels also gradually increased to normal limits (267 nmol/L and 139 mmol/L, respectively). However, breast pain recurred quickly when prednisone treatment was stopped based on the doctor's suggestion. Gynecomastia and hyponatremia subsequently reappeared within a few days. Prednisone therapy was then restarted, and the gynecomastia improved and hyponatremia was also resolved. The prolactin level decreased to a normal level within 1 month. Over a period of 4 years, the patient returned for follow-up evaluations. He still requires prednisone supplementation at a dose of 2.5 mg daily, and the patient has been satisfied with this therapy. No persisting breast enlargement or noticeable decrease in the blood sodium level occurred within 4 years. Written informed consent was obtained from the patient to publish his case. This study was approved by the ethics committee of Suzhou Wuzhong People's Hospital.
Discussion
Gynecomastia is the benign enlargement of glandular breast tissue in men. 3 A study showed that up to two-thirds of adult men experience some degree of gynecomastia. 4 Although gynecomastia may be clinically benign, it is sometimes accompanied by underlying medical conditions. 5 This study examined a male patient with unilateral gynecomastia and hyponatremia, which were his dominant clinical symptoms, and he was diagnosed with adrenal insufficiency. With the manifestations of cortisol deficiency, low blood pressure, hyperpigmentation, and normal intracranial MRI, primary adrenal insufficiency may be suspected. Gynecomastia is commonly bilaterally, although unilateral gynecomastia may also appear and is often left-sided, which was similar to what was observed in the patient in this study. 6 Additionally, painful gynecomastia is a special symptom of primary adrenal insufficiency. However, primary adrenal insufficiency complicated with both painful gynecomastia and hyponatremia has not been reported.
Gynecomastia seems to result from physiologic or nonphysiologic conditions. When the estrogen-to-androgen reaction is disrupted in a male, it leads to proliferation of breast glands. 7 Physiologic gynecomastia is relatively universal in neonates, adolescents, and aged men. 8 The course of physiological gynecomastia varies from reversible changes in puberty to permanent age-related manifestations. 9 However, nonphysiologic gynecomastia may rarely develop in association with chronic diseases (such as hypogonadism, hepatocirrhosis, and uremia), medication use, and neoplasms. 10 Additionally, nonphysiologic gynecomastia may cause local pain. The patient in this study also had spontaneous breast pain. Pain may be present if a new onset of the disease occurs. 11 Moreover, limited laboratory tests and imaging workup to determine the potential reasons for gynecomastia need to be performed. Laboratory testing to measure hepatic transaminase, serum creatinine, and thyroid-stimulating hormone levels in patients should be conducted. In this study, liver, kidney, and thyroid function tests excluded the associated medical conditions. Further work-up includes screening laboratory tests and imaging examinations of the hypothalamus, pituitary, and adrenal glands. 12 Overall, hormonal testing, including the levels of total and bioavailable testosterone, estradiol, prolactin, and luteinizing hormone, can indicate pituitary, gonadal, and extragonadal endocrinopathies, and neoplasms. In men, breast ultrasonography is suggested to assess gynecomastia. 13 A routine breast biopsy should not be performed in patients with gynecomastia. 10 However, if cancer is suspected, a breast biopsy should be taken to exclude malignancy. 14 The cause of gynecomastia in males can be determined by a clinical assessment. Information on the gynecomastia characteristics, breast examination, systemic symptoms, and weight alteration in the previous few months should be obtained. 15 Some common etiologies can be ruled out, such as hypogonadism, hormone-secreting malignancies, pseudogynecomastia, hyperthyroidism, severe hepatic dysfunction, renal failure, hemodialysis treatment, or adverse pharmacologic effects. Hormones may contribute to the progression of gynecomastia. In the patient in this study, morning serum ACTH, ALD, luteinizing hormone, follicle-stimulating hormone, estradiol, testosterone, dehydroepiandrosterone sulfate, and progesterone levels were within normal limits. Subsequent hormonal investigations revealed a relatively low morning cortisol level, with an increased prolactin level. However, the relationship between the serum prolactin level and gynecomastia development has not been described completely. Clinically, high serum prolactin levels in some men with hyperprolactinemia leads to the development of gynecomastia. 16 However, hyperprolactinemia is rare in patients with gynecomastia. The differential diagnosis of gynecomastia, as demonstrated in a series of adult patients with gynecomastia, includes approximately 9% of all-cause hyperprolactinemia. 11 Based on previous studies, hypogonadism and androgen deficiency were probably caused by hyperprolactinemia, and therefore, these conditions might alter the progesterone and androgen receptors, leading to gynecomastia. 15 Additionally, pituitary adenomas producing prolactin may also induce hyperprolactinemia. 17 A single serum prolactin measurement is enough to confirm hyperprolactinemia, and the pituitary tumor usually correlates with the serum prolactin levels. 18 Prolactin is a hormone with multiple biological actions and it is synthesized by the anterior pituitary gland. 19 However, ACTH production by the pituitary tumor and modest hyperprolactinemia may develop because of adrenocortical insufficiency; however, prolactin production because of primary adrenal insufficiency is rare.
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Adrenal insufficiency should be considered to be a very rare cause in the differential diagnosis of hyperprolactinemia. Akc¸ay et al. 21 reported the case of a patient who presented with primary adrenal insufficiency, which was associated with hyperprolactinemia and a pituitary tumor. Plasma levels of prolactin were found to decrease after glucocorticoid, mineralocorticoid, and bromocriptine therapy. Lever et al. 22 reported that four patients with autoimmune Addison's disease had associated hyperprolactinemia. However, the exact relationship between prolactin, hyperprolactinemia, and primary adrenal insufficiency in the progression of gynecomastia remains unclear. Because the prolactin level decreased and gynecomastia responded well to the treatment with prednisone in this study, the possibility of primary adrenal insufficiency with gynecomastia was considered. Kelver et al. 20 reported the case of a patient with primary adrenal deficiency who presented with hyperprolactinemia; the patient's prolactin levels returned to normal with corticosteroid replacement therapy. These data supported the evidence for the influence of corticosteroids on prolactin regulation.
In the last few years, new therapeutic methods for gynecomastia have been recommended. For male patients with painful gynecomastia, the therapeutic method was directed toward curing the primary disease. 23 Because there is a lack of prospective therapies for gynecomastia, empirical treatment is often suggested. In this study, the male patient presented with a rare case of primary adrenal insufficiency with painful gynecomastia and persistent hyponatremia. Successful treatment of primary adrenal insufficiency with prednisone might relieve gynecomastia and hyponatremia. The rarity of this clinical condition may be why it is a poorly understood phenomenon. Prednisone, a corticosteroid, is theoretically known to cause gynecomastia. In the case of a boy who was diagnosed with Addison's disease, prednisone treatment inexplicably caused gynecomastia, which is a rare occurrence. 2 In this study, the patient was diagnosed with primary adrenal insufficiency, and he received a low dose of prednisone. When prednisone treatment was initiated, hyponatremia resolved within several days, and gynecomastia symptoms improved. However, when the patient stopped taking the prescribed prednisone, hyponatremia recurred and pain upon palpation re-appeared. Followed re-administration of prednisone therapy, the gynecomastia symptoms improved and hyponatremia resolved. The prolactin level returned to normal 1 month after prednisone was administered. The patient's condition improved with this therapeutic regimen, with no persisting breast enlargement and a noticeable increase in blood sodium. However, there is little evidence supporting the use of corticosteroid replacement therapy to treat gynecomastia. The lack of information on the balance between its benefits and possible harms should be highlighted to candidate patients.
In conclusion, this study is a special report of an older male patient with primary adrenal insufficiency with painful gynecomastia that was complicated by hyponatremia. These symptoms were resolved by prednisone treatment. This study is instructive and meaningful to routine clinical practice. Additional investigation of this issue is needed to clarify the interactions between prolactin, prednisone, and primary adrenal insufficiency in the pathogenesis of gynecomastia.
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